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Given previous evidence that bodily states can impact basic cognitive processes,
we asked whether such impact can also be demonstrated for creative cognition. In
particular, we had participants perform a design improvement task and a consequences
imagination task while standing up, walking in a predetermined pattern, or walking
freely. Results show better divergent-thinking performance with unconstrained than
with constrained walking, and better performance for walking than for standing.
A second experiment assessed performance in an alternative uses task and a figural
combination task while participants were lying, sitting, or standing. Results showed
better performance when standing up than when lying or sitting. Taken altogether, these
observations provide evidence for an approach in terms of cognitive-control depletion:
the more a bodily activity exhausts control resources, the better divergent thinking can
unfold, presumably because reduced top-down control brings more ideas into play.
Keywords: body and mind, embodied cognition, creativity, divergent thinking, bodily states, roaming
INTRODUCTION
Most people like to be sitting to think about and solve complex or challenging problems. However,
some eminent people are notorious for preferring other bodily postures when seeking original
thoughts or solutions. For example, Friedrich Nietzsche had his key insight into the will while
he was walking (Nietzsche, 1897; Platt, 1976), Ernest Hemingway was standing up while writing
about some soul-stirring characters for his novels (Hotchner, 2005), and Mark Twain was lying in
bed to produce his opus magnum (Twain, 2002). Can bodily postures or activities of an individual
really affect the generation of creative ideas? If so, which bodily state is the best?
The interest in the interaction between body and mind dates back at least to ancient Plato, who
claimed that mind could not be explained by body (Robinson, 1983). More recently, Descartes
believed that mind exists independently of the body (Descartes, 2008). And yet, very recent studies
provide converging evidence that bodily activities can impact on various cognitive processes
including perception (Balcetis and Dunning, 2007), memory (Zajonc et al., 1982; Scott et al., 2001),
language comprehension (Olmstead et al., 2009), judgment (Cacioppo et al., 1993; Beilock, 2009),
emotion (Strack et al., 1988; Glenberg et al., 2005), and decision making (Borghi and Cimatti, 2010).
These findings suggest that at least some cognitive processes are embodied (body-dependent), in
the sense the mental/brain processes rely on, or are affected by the physical body (Wilson and
Foglia, 2011).
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Earlier studies have examined the influence of bodily position
(lying, sitting, and standing) on basic cognition (Woods, 1981;
Vercruyssen and Simonton, 1988; Vercruyssen et al., 1989). For
example, Woods (1981) found that older participants’ visual
choice reaction time was significantly shorter in standing than
in lying or sitting conditions. However, in a more complex
anagram task, Lipnicki and Byrne (2005) found participants
performing better when lying down than when standing. Even
more important for our purposes, Oppezzo and Schwartz (2014)
investigated the effect of sitting and walking on the generation
of novel responses in various creativity tasks. Participants
performed better in the alternative uses task (AUT) when
walking on a treadmill than when sitting down and, in another
experiment, better when walking along a predetermined pathway
at the university campus than when sitting. Yet another
experiment extended these observations to Barron’s symbolic
equivalence task, which requires the generation of analogies:
performance was better when walking along the predetermined
pathway at the campus than when walking on a treadmill or
sitting on a chair in a room or in a wheelchair moved across the
campus by a confederate.
Oppezzo and Schwartz’s (2014) study provides rather
strong evidence for an important role of bodily states and
activities in creative divergent thinking, but the authors do
not provide a mechanistic explanation for how the body
may impact the mind. In particular, one may think of
two possible, not necessarily mutually exclusive accounts to
conceptualize the obtained findings. For one, it has been
suggested that engaging in one activity may provide metaphors
that make concepts and knowledge from a superficially dissimilar
domain mentally available (Landau et al., 2010; IJzerman
and Koole, 2011). Along these lines, it has been shown
that performance in divergent thinking tasks benefits from
the enactment of presumably creativity-related metaphors,
like postures involving both hands (thought to facilitate the
thinking in terms of “on the one hand, on the other”),
taking place within or outside a box, or walking freely or
along a fixed rectangular path (Leung et al., 2012). From
this conceptual-metaphor approach, the findings of Oppezzo
and Schwartz (2014) could be taken to reflect the metaphoric
relationship between moving around physically and moving
around mentally, as needed in divergent thinking, which
would lead to the facilitation of the latter by engaging in the
former.
For another, however, there is increasing evidence that
divergent thinking benefits from the depletion of cognitive-
control resources. Increasing evidence suggests that people
can engage in different control styles, ranging from extreme
persistence (reflecting strong competition of alternative
representations guided by strong top-down guidance from the
current goal) to extreme flexibility (reflecting weak competition
of alternative representations with little top-down impact; for an
overview, see Hommel, 2015). This implies that impairing top-
down control should drive the control style toward flexibility,
which in turn should benefit performance in divergent thinking
tasks. While extreme forms of physical exhaustion tend to impair
various forms of creative thinking in non-athletes (Colzato et al.,
2013), there is indeed increasing evidence that milder forms of
overloading top-down control can indeed facilitate divergent
thinking. For instance, engaging in a control-hungry cognitive-
conflict tasks has been found to improve performance in an
AUT (Radel et al., 2015) and aging, a condition that is known to
weaken top-down control, is associated with improvements in a
number of tasks that require novel responses (for a summary, see
Amer et al., 2016). Along the same lines, bilingualism—which
has been shown to increase top-down control (Bialystok and
Craik, 2010)—is associated with improved convergent thinking
but impaired divergent thinking (Hommel et al., 2011).
To get more insight into the mechanisms underlying the
impact of bodily postures and activities on divergent thinking,
we conducted two pairs of experiments with altogether four
different divergent-thinking tasks. In Experiment 1, we sought
to conceptually replicate and extend the findings of Oppezzo
and Schwartz (2014) by using a design improvement task (DIT)
in Experiment 1A and a consequences imagination task (CIT)
in Experiment 1B. Similar to Oppezzo and Schwartz’s (2014)
conditions of sitting and constrained walking, we employed
standing, constrained walking, and unconstrained walking
(roaming) conditions (Leung et al., 2012), which allowed us to
directly compare performance under all three conditions. We
expected to replicate and extend Oppezzo and Schwartz’s (2014)
observation of better divergent thinking in the constrained-
walking (non-roaming) condition than in the non-walking
condition, as well as Leung et al.’s (2012) finding of better
divergent thinking in the unconstrained than in the constrained
walking condition.
Experiment 2 was designed to get one step further by testing
predictions from the conceptual-metaphor approach against the
control-depletion approach. Given the both approaches could
accommodate the findings from Experiment 1, we were interested
to compare conditions that would allow to disentangle the
two. To do so we had participants sitting down, lying down,
or standing up—conditions that should be comparable from a
conceptual-metaphor point of view (as none of the conditions
would include moving) but that put different demands on
cognitive control (with standing up being the most exhaustive
condition). Accordingly, we were interested to see whether
divergent thinking would be comparable across these three
conditions or whether standing up would be particularly
beneficial. We tested these three conditions by using two different
tasks, the AUT (Experiment 2A) and the figural combination task
(FCT; Experiment 2B).
EXPERIMENT 1A
Methods
Participants
Sixty-three college students (21 males and 42 females, mean age
21.25 years, range 18–25 years, mean height 1.63 m, range 1.50–
1.86 m; mean weight 52.4 kg, range 42–61 kg) were paid for
participation. All participants were right-handed, with normal or
corrected-to-normal vision, and all wore comfortable flat shoes.
None of them had a history of neurological or psychiatric mental
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problems or a physical disability. The study was approved by the
University Human Experiment Ethical Committee and informed
written consent was obtained from all participants.
Materials
A DIT was employed to assess divergent thinking performance.
This task involves real-life problem solving for which novel ideas
are required to improve the design of existent objects/devices
(e.g., how to design an outdoor chair that can be comfortably
sat upon even when wet). Each problem was presented auditorily
through a wireless headset, which also served to pick up the
vocal responses. The length of each problem was about 13 or 14
Chinese characters. A wireless mouse was held in the right hand
to switch to the next problem.
The experiment was conducted in an empty room
(7.4 m × 3.5 m). In the standing condition, participants
were requested to stand naturally in the center of the room
to complete the task. In the roaming condition, participants
completed the task while walking freely in the room without
constraints in direction or speed. In the non-roaming condition,
participants completed the task while walking along an 8-shaped
path of 16.8 m length without speed constraints. The Figure-of-8
Walk Test (F8W) has been widely used to investigate walking
(Hess et al., 2010; Lowry et al., 2012). During the present
experiment, half of the participants were required to continually
walk the path in a clockwise direction while the other half were
required to walk in a counterclockwise direction.
Design
A within-subject research design was used to examine the effect
of the three bodily states (standing, constrained walking/non-
roaming, unconstrained walking/roaming) on the DIT. To avoid
confounds through fatigue and practice, the order of the three
conditions was counterbalanced across participants. After each
condition, there was a short break of 2 min.
Procedure
During each trial, a starting vocal prompt of 500 ms was followed
by a problem presented for 3700∼3800 ms. Participants were
requested to consider a novel solution to the present problem
for 15 s. When the vocal prompt “Please give your answer” was
presented at the end of this time period, participants had to report
orally one solution which they thought to be the most novel. Then
they would start the next trial by pressing the mouse button. To
assess whether the walking speed influences the creative process,
the speed (the number of steps a participant walked per minute)
in the two walking conditions was recorded by the experimenter.
Considering that preference of participants’ bodily states may
have an impact, participants were asked to rate their preference
for each bodily state after the experiment on a 7-point scale
ranging from 1 (no preferable) to 7 (very preferable).
Results
Completion rates were counted and recorded by the
experimenter and the novelty of ideas was rated by six experts on
a 5-point scale ranging from 1 (not original) to 5 (very original).
All experts that performed the rating of the answers were unaware
of the experimental conditions participants were assigned to—
which holds for all experiments reported in this article. The
inter-rater reliability among the raters reached a Cronbach’s
alpha of 0.79. Completion rates and novelty rating scores
per condition were analyzed by repeated-measures ANOVAs
(SPSS 13.0 for Windows). The results showed a main effect
on completion rates, F(2,124) = 38.60, p < 0.001, η2 = 0.384.
Further analysis (Bonferroni corrected, as in all following
comparisons) showed that the completion rate was significantly
higher in the roaming condition (M = 90.63%, SE= 0.01) than
in both the non-roaming condition (M = 83.17%, SE = 0.02),
p < 0.001, and the standing condition (M = 75.24%, SE = 0.02).
Also, the completion rate was significantly higher in the
non-roaming than that in the standing condition, p < 0.001
(Figure 1A).
In addition, there was a significant main effect for the novelty
rating score, F(2,124) = 61.04, p < 0.001, η2 = 0.496. Further
comparisons showed that novelty ratings were higher in the
roaming condition (M = 3.35, SE = 0.04) than in both the non-
roaming condition (M = 3.08, SE = 0.03), p < 0.001, and the
standing condition (M = 2.85, SE = 0.04), p < 0.001. Also,
novelty ratings were higher the non-roaming condition than in
the standing condition, p < 0.001 (Figure 1B).
Walking speed was analyzed with paired t-tests. Results
showed that there was no significant difference in walking speeds
between the roaming (65.04 steps/min) and the non-roaming
condition (66.38 steps/min), t(62) = 1.396, p > 0.1. We also
analyzed the impact of participants’ preference of bodily states by
computing Pearson correlations between bodily state preference
and completion rates and novelty rating scores. Results showed
there was no correlation (all two-tailed) between completion
rate and bodily state preference (standing, r = −0.071, p > 0.1;
roaming, r = −0.062, p > 0.1; non-roaming, r = 0.127, p > 0.1).
There was also no correlation between novelty rating score and
bodily state preference (standing, r = −0.108, p > 0.1; roaming,
r = 0.178, p > 0.1; non-roaming, r = 0.179, p > 0.1).
EXPERIMENT 1B
Methods
Participants
The same 63 college students (21 males and 42 females, mean
age 21.25 years, range 18–25 years; mean height 1.63 m, range
1.50–1.86 m; mean weight 52.4 kg, range 42–61 kg) tested in
Experiment 1A participated in this experiment for pay, they
fulfilled the exact same criteria as in Experiment 1A. The study
was approved by the University Human Experiment Ethical
Committee and informed written consent was obtained from all
participants.
Materials
These were as in Experiment 1A, except that CIT was employed to
assess divergent thinking. It has been considered a classic measure
of the creative process and involves both divergent thinking
ability and the capacity of imagination (Torrance, 1987; Kim
et al., 2006; de Souza et al., 2010; Wei et al., 2014). Participants
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FIGURE 1 | Effect of bodily states on the design improvement task. Completion rate is the mean percentage of solutions participants found in bodily state conditions
(A); novelty rating score is the mean of originality scores rated by six raters on a 5-point scale ranging from 1 “not original” to 5 “very original” (B). Error bars are
standard errors of the mean. ∗∗∗p < 0.001.
were asked to imagine the possible consequences of an assumed
scenario (e.g., what will happen if people need no sleep?) and
were requested to consider possible outcomes of the assumed case
and give as many novel ideas as possible. Each problem consisted
of nine Chinese characters, which were presented auditorily. In
total, there were 10 stimulus trials per condition.
Design
The design was similar to Experiment 1A, except for the
dependent measure.
Procedure
In each trial, a starting vocal prompt of 500 ms, and then a
vocal stimulus was presented for 3900∼4000 ms, participants
were requested to consider and speak out novel outcomes
to an assumed case within 1 min immediately after the
present of the stimulus. In this time period, participants had
to vocally report as many novel outcomes of the imaginary
scenario as possible. After that, next stimulus trial was presented
automatically.
Results
Fluency and flexibility of responses were counted and recorded
by the experimenter and novelty was rated by six experts,
like in Experiment 1A. Cronbach’s alpha = 0.70. Fluency,
flexibility, and novelty rating scores were analyzed by means of
repeated-measures ANOVAs. The main effect was significant for
fluency, F(2,124) = 90.69, p < 0.001, η2 = 0.594, flexibility,
F(2,124) = 60.06, p < 0.001, η2 = 0.492, and novelty,
F(2,124)= 165.92, p < 0.001, η2 = 0.728.
Further comparisons showed that fluency was higher in
the roaming condition (M = 3.60, SE = 0.09) than in
both the non-roaming condition (M = 3.18, SE = 0.08),
p < 0.001, and the standing condition (M = 2.83, SE = 0.08),
p < 0.001. The difference between the non-roaming condition
and the standing condition was also significant, p < 0.001
(Figure 2A). Likewise, flexibility was higher in the roaming
condition (M = 3.18, SE = 0.09) than in both the non-
roaming condition (M = 2.88, SE = 0.08), p < 0.001, and
the standing condition (M = 2.51, SE = 0.07), p < 0.001.
The difference between non-roaming and standing was also
significant, p < 0.001 (Figure 2B). Finally, novelty was higher in
the roaming condition (M = 3.22, SE = 0.02) than in both the
non-roaming condition (M = 3.01, SE = 0.02), p < 0.001, and
the standing condition (M = 2.84, SE = 0.01), p < 0.001. The
difference between non-roaming condition and standing was also
significant, p < 0.001 (Figure 2C).
Further analyses showed that there was no significant
difference between the walking speeds in the roaming condition
(64.78 step/min) and the non-roaming condition (65.83
step/min), t(62) = 1.032, p > 0.1, suggesting that walking speed
did not moderate the effects. Likewise, bodily state preference
did not correlate with fluency, flexibility, or novelty ratings:
fluency (standing, r = 0.100, p > 0.1; roaming, r = 0.018,
p > 0.1; non-roaming, r = −0.022, p > 0.1); flexibility
(standing, r = 0.101, p > 0.1; roaming, r = 0.044, p > 0.1;
non-roaming, r = 0.09, p > 0.1); novelty (standing, r = −0.211,
p > 0.1; roaming, r = −0.1, p > 0.1; non-roaming, r = 0.082,
p > 0.1).
Summary
Experiments 1A and 1B served to conceptually replicate and
extend the findings of Oppezzo and Schwartz (2014) by
using a CIT and a DIT, and by adding an unconstrained
walking condition as used by Leung et al. (2012). Even
for these new tasks, the results successfully replicated the
Oppezzo and Schwartz’s (2014) observation of better divergent-
thinking performance with the constrained walking than with
non-walking, suggesting that the impact of walking widely
generalizes. The results also provide a conceptual replication
of Leung et al.’s (2012) finding that unconstrained walking
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FIGURE 2 | Effect of bodily states on the consequences imagination task. Fluency score is the mean number of responses participants generated in bodily state
conditions (A); flexibility score is the mean number of different categories of responses in bodily state conditions (B); novelty rating score is the mean of originality
scores by six raters on a 5-point scale ranging from 1 “not original” to 5 “very original” (C). Error bars are standard errors of the mean. ∗∗∗p < 0.001.
facilitates divergent thinking more than constrained walking
does.
EXPERIMENT 2A
Method
Participants
Sixty-one new college students participated in this experiment.
One was excluded due to the mean of her creative idea scores
deviating more than 3 standard deviations from the participants’
mean. Thus, the final sample comprised 60 subjects (13 males
and 47 females, mean age 20.98 years, range 18–24 years). The
study was approved by the University Human Experiment Ethical
Committee and informed written consent was obtained from all
participants.
Materials
A classic AUT (Christensen et al., 1960; Guilford et al., 1978) was
employed. In this experiment, a stimulus item was name of an
object (e.g., pencil). Participants were requested to speak out as
many unusual uses of the object as they could. Thus there were
10 stimulus items per condition of the bodily state.
Design
A within-subject design was used to examine the effect of
three bodily states (lying, sitting, and standing) on AUT.
To avoid artifacts from fatigue and practice effects, the
order of the three conditions was counterbalanced across
participants. In the lying condition, participants were lying
on a bed (210 cm × 90 cm × 40 cm) with their hands
being put comfortably in parallel with their body. A trestle
(150 cm × 30 cm × 104 cm) was placed across the bed, holding
a computer screen above the participant’s eyes. In the sitting
condition, the participants were seated in a chair (43 cm height)
with their feet on the floor and their hands on the lap, facing
a computer screen placed on a table (78 cm height) in front of
the participants. In the standing condition, participants stood
upright quietly with their feet held naturally on the floor and
the arms hanging naturally, and a computer screen was placed
on a table (150 cm height) in front of the participants. In all
conditions, the distance between the participants’ eyes and the
computer screen was 60 cm. Participants held a computer mouse
in their right hand and pressed a mouse button to indicate their
responses. Trials were presented continuously in each condition,
but there were short breaks of 2 min between conditions.
Procedure
Before the experiment, participants practiced the tasks to
fully familiarize themselves with the experimental instruction
and procedure. During the experiment, stimulus items were
presented on the computer screen one by one. In the beginning of
each trial, a fixation mark was presented for 0.5 s, then the name
of an object appeared in the center of the screen and lasted for
1 min. Within the period of 1 min participants were requested to
speak out as many unusual uses of the object as they could. Then
next stimulus trial was presented automatically. Each condition
contained 10 trials.
Results
As usual, the answers in the three conditions were scored
according to fluency (total number of uses of each object),
flexibility (number of different categories of uses), and novelty
by five experts on a 5-point scale ranging from 1 “not original”
to 5 “very original.” The inter-rater reliability among the raters
reached a Cronbach’s alpha of 0.76.
Fluency, flexibility, and novelty scores were analyzed by
means of repeated-measures ANOVA with condition as within-
participants variable. Significant main effects were obtained for
fluency, F(2,118) = 34.37, p < 0.001, η2 = 0.368, flexibility,
F(2,118) = 52.14, p < 0.001, η2 = 0.469, and novelty,
F(2,118) = 78.06, p < 0.001, η2 = 0.570. Further comparisons
showed that fluency was significantly higher in the standing
condition (M = 3.71, SE= 0.17) than in both the lying condition
(M = 3.08, SE = 0.15), p < 0.001, and the sitting condition
(M = 3.20, SE = 0.15), p < 0.001, while the difference between
lying and sitting was not significant, p > 0.1 (Figure 3A).
Flexibility was significantly higher in the standing condition
(M= 3.25, SE= 0.14) than in both the lying condition (M= 2.57,
SE = 0.11, p < 0.001), and the sitting condition (M = 2.67,
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FIGURE 3 | Effect of bodily states on the alternative uses task. Fluency score is the mean number of responses generated for an object/device in bodily state
conditions (A); flexibility score is the mean number of different categories of responses in bodily state conditions (B); novelty rating score is the mean of originality
scores rated by five raters on a 5-point scales ranging from 1 “not original” to 5 “very original” (C). Error bars are standard errors of the mean. ∗∗∗p < 0.001.
SE = 0.11), p < 0.001, while the difference between lying and
sitting was not significant, p > 0.1 (Figure 3B). Finally, novelty
was significantly higher in the standing condition (M = 2.65,
SE= 0.03) than in both the lying condition (M= 2.28, SE= 0.04),
p < 0.001, and the sitting condition (M = 2.30, SE = 0.04)
p < 0.001, while the difference between lying and sitting was not
significant, p > 0.1 (Figure 3C).
Further analyses showed no correlation between bodily
preference and any of the creativity scores: fluency (lying,
r = 0.03, p > 0.1; sitting, r = 0.16, p > 0.1; standing, r = −0.16,
p > 0.1); flexibility (lying, r = 0.06, p > 0.1; sitting,
r = 0.18, p > 0.1; standing, r = −0.19, p > 0.1); novelty
(lying, r = 0.14, p > 0.1; sitting, r =−0.04, p > 0.1; standing,
r = 0.01, p > 0.1).
EXPERIMENT 2B
Method
Participants
The same 61 participants tested in Experiment 2A participated in
this experiment. Two of them were excluded because they failed
to completely follow the instruction to do stimulus task, thus the
final sample comprised 59 subjects (13 males and 46 females,
mean age 21.00 years, range 18–24 years). All participants were
wearing comfortable flat shoes in the experiment. They were paid
for their participation. The study was approved by the University
Human Experiment Ethical Committee and informed written
consent was obtained from all participants.
Materials
A FCT was employed. It has been widely used to investigate
creative imagination (Finke, 1990; Verstijnen et al., 1998;
Abraham et al., 2005, 2007; Chiu, 2012). In this experiment,
per stimulus item consisted of three different geometric figures
randomly chosen from the 15 figures like Finke’s experiment
(Finke, 1990). There were ten stimulus items each experimental
condition. The participants were required to combine them to
form an object/device in a specified category.
Design
The design was as in Experiment 2A, except for the task.
Procedure
The procedure was as in Experiment 2A, with a few exceptions.
In the beginning of each trial, a 0.5-s fixation mark was followed
by a prompt to indicate randomly one of six categories and a
triplet of geometric figures. Participants were asked to combine
the three geometric components into an object/device belonging
to the given category. These geometric components were allowed
to vary their size, materials, colors, and orientation, but they
were not allowed to change in shape. In addition, all geometric
components in a trial had to be used together and could not
be used separately for a different objects or devices. Participants
were asked to press the button as soon as possible when an idea
would come to mind, and then write a brief statement and draw
a sketch of the object/device they were thinking of. If participants
could not report or describe an object/device, the display would
disappear at the end of 2 min, and the next trial would commence.
Results
Completion rates were counted and recorded by experimenter
and reaction times were recorded automatically, and novelty
of the objects/devices was rated by four experts on a
5-point scale ranging from 1 (not original) to 5 (very
original). Inter-rater reliability reached Cronbach’s alpha = 0.71.
A repeated-measures ANOVA for completion rate yielded
a significant main effect of condition, F(2,116) = 6.59,
p < 0.005, η2 = 0.102. Further comparisons showed that
completion rate were significantly higher in the standing
condition (M = 80.00%, SE = 0.03) than in both the
lying condition (M = 71.86%, SE = 0.03), p < 0.01, and the
sitting condition (M = 74.07%, SE = 0.03), p < 0.01, while there
was no significant difference between lying and sitting, p > 0.1
(Figure 4A).
The ANOVA of the novelty ratings also showed a significant
main effect, F(2,116) = 39.76, p < 0.001, η2 = 0.407. Further
comparisons confirmed that the novelty ratings were significantly
higher in the standing condition (M = 3.09, SE = 0.04) than in
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FIGURE 4 | Effect of bodily states on the figural combination task. Completion rate is the mean percentage of products participants generated in bodily state
conditions (A); novelty rating score is the mean of originality scores rated by four raters on a 5-point scale ranging from 1 “not original” to 5 “very original” (B).
Reaction time is the mean time of a product participants generated in bodily state conditions (C). Error bars are standard errors of the mean. ∗∗p < 0.01.
∗∗∗p < 0.001.
both the lying condition (M = 2.50, SE = 0.07), p < 0.001, and
the sitting condition (M = 2.51, SE = 0.06), p < 0.001, while the
difference between lying and sitting was not significant, p > 0.1
(Figure 4B).
An ANOVA of the reaction times showed no significant main
effect, F(2,116) = 2.05, p > 0.1, η2 = 0.034 (Figure 4C). The
bodily state preference did not correlate significantly with the
completion rate (lying, r = −0.12, p > 0.1; sitting, r = −0.04,
p> 0.1; standing, r=−0.06, p> 0.1) or novelty (lying, r=−0.12,
p > 0.1; sitting, r = 0.04, p > 0.1; standing, r = 0.02, p > 0.1).
Summary
Experiments 2A and 2B provide systematic convergent evidence
that participants generate more and newer ideas when standing
up than when either lying down or sitting, while the lying or
sitting did not make a difference.
GENERAL DISCUSSION
The present study investigated the role of bodily states in
creative idea generation. Experiment 1 conceptually replicated
and extended previous evidence suggesting that divergent
thinking benefits more from constrained walking than from non-
walking, and more from unconstrained than from constrained
walking. As pointed out in the introduction, this could
be due to the possibility that walking provides access to
metaphorically related knowledge, which in turn might support
mentally moving through one’s memories—as needed for creative
thinking. Alternatively, standing, constrained walking, and
unconstrained walking can be taken to represent conditions
of increasing cognitive difficulty, which in turn would imply
increasing depletion of cognitive-control resources. To test these
possibilities against each other, we had the participants of
Experiment 2 to take on three postures that are likely to differ in
their reliance on control resources (with standing up and keeping
balance being the most depleting condition) but not in their
metaphorical relationship to mental movements. The outcome
is clear-cut, given that both tasks being tested and all measures
being assessed showed significantly better divergent thinking
when standing up than when either sitting or lying. While
this observation does not necessarily rule out the conceptual-
metaphor approach, it cannot be explained by it either. We thus
take the findings from Experiment 2 as support for the control-
depletion approach, the more so as this approach also provides a
parsimonious account for the findings from Experiment 1.
Indeed, walking (and unconstrained walking in particular)
consumes cognitive resource, so that less resource is devoted to
other tasks (Lacour et al., 2008). While this would be unlikely
to be beneficial for other tasks that rely on a strong degree of
focusing themselves, a lack of focusing has been shown to be
beneficial for problem solving (Mendelsohn and Griswold, 1966;
Ansburg and Hill, 2003; Dorfman et al., 2008). This also fits with
observations that patients with attention deficit hyperactivity
disorder often exhibit high fluency, flexibility, and originality in
the AUT and high creative scores in the creative achievement
questionnaire (White and Shah, 2006, 2011). Authors have
suggested that this may be because defocusing or reducing top-
down control reduces selectivity and brings into play a greater
variety of possible responses (Vartanian et al., 2007; Dorfman
et al., 2008; Hommel, 2012), which for instance can help to
overcome functional fixedness (Finke et al., 1992; Howard-
Jones and Murray, 2003) and increase the probability to form
more remote associations and more original ideas (Finke et al.,
1992; Martindale, 1995; Hutton and Sundar, 2010). Therefore,
defocused attention has been claimed to be conducive to the
generation of novel ideas (Suler, 1980; Finke et al., 1992;
Martindale, 1995, 1999; Smith, 1995; Gruszka and Necka, 2002;
Ansburg and Hill, 2003; Howard-Jones and Murray, 2003;
Glazer, 2009; Zabelina and Robinson, 2010; Jarosz et al., 2012).
According to Hommel (2015), creative thinking requires the
identification of representations in memory that fit with the
current search template, such as the features of the sought-
for object in a creativity task. Each representation receives
top-down support to the degree that it meets the criteria of
the search template and it inhibits alternative representations.
Hommel (2012) suggests that the degree of both top-down
support and lateral inhibition relies on cognitive resources,
which implies that a depletion of resources reduces top-down
support and lateral inhibition. While convergent thinking is
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likely to suffer from this condition, brainstorming-like divergent
thinking is likely to benefit (as long as some degree of top-
down regulation is present), as the lack of lateral inhibition
facilitates jumping from one representation to another (Hommel,
2012). Our present findings are consistent with, and provide
converging evidence for this claim. Cognitive-control demands
are likely to increase from sitting to standing up, to constrained
walking, and finally to unconstrained walking. While most of
these activities are assumed to operate unconsciously, there
is nevertheless evidence suggesting that they are sensitive to
manipulations of cognitive load. For instance, elderly participants
show impairments in walking when being asked to memorize
items in working memory at the same time (Li et al., 2001).
This suggests that even highly automatized activities rely on
cognitive resources and, thus, can suffer from depletion. There is
also evidence that free choice requires more cognitive resources
than constrained choice (Berlyne, 1957), which accounts for our
finding that unconstrained walking showed the largest effects in
the present study. Our findings call for a systematic assessment of
the resource demands of activities, which would allow for a more
objective and systematic prediction of the expected benefits in
divergent thinking. For the time being, we thus restrict ourselves
to the conclusion that at least some sort of relationship exists
between the resource demands of human activities and the
performance in brainstorming-like tasks.
AUTHOR CONTRIBUTIONS
YaZ and HZ contributed to the study design. YaZ performed
the data collection and analyses. YaZ and HZ interpreted the
data. YaZ, YiZ, BH, and HZ contributed to the paper writing.
All authors approved the final version of the manuscript for
submission.
FUNDING
This research was supported by the Key Discipline Fund
of National 211 Project in China (NSKD08008 to HZ), the
Scholar Research Program Fund of Southwest University (SWUB
2007063 to HZ).
ACKNOWLEDGMENTS
We would like to thank Yuxi Zhu and XiaoJing Gu for their
partial stimulus materials; Weijing Wei and Jian Li for their audio
stimulus assistance; Xiaomei Chen, Shisi Zhang, Jiewen Feng,
Yinting Wang, and Tingting Li for their ratings; Anna Abraham
for her operational suggestion of a task; and Yijun Liu for his
financial support.
REFERENCES
Abraham, A., Windmann, S., Daum, I., and Güntürkün, O. (2005). Conceptual
expansion and creative imagery as a function of psychoticism. Conscious. Cogn.
14, 520–534. doi: 10.1016/j.concog.2004.12.003
Abraham, A., Windmann, S., McKenna, P., and Güntürkün, O. (2007). Creative
thinking in schizophrenia: the role of executive dysfunction and symptom
severity. Cogn. Neuropsychiatry 12, 235–258. doi: 10.1080/13546800601046714
Amer, T., Anderson, J. A., Campbell, K. L., Hasher, L., and Grady, C. L. (2016).
Age differences in the neural correlates of distraction regulation: a network
interaction approach. Neuroimage 139, 231–239. doi: 10.1016/j.neuroimage.
2016.06.036
Ansburg, P. I., and Hill, K. (2003). Creative and analytic thinkers differ in their use
of attentional resources. Pers. Individ. Diff. 34, 1141–1152. doi: 10.1016/S0191-
8869(02)00104-6
Balcetis, E., and Dunning, D. (2007). Cognitive dissonance and the perception of
natural environments. Psychol. Sci. 18, 917–921. doi: 10.1111/j.1467-9280.2007.
02000.x
Beilock, S. L. (2009). Grounding cognition in action: expertise, comprehension, and
judgment. Prog. Brain Res. 174, 3–11. doi: 10.1016/S0079-6123(09)01301-6
Berlyne, D. D. (1957). Conflict and Choice time. Br. J. Psychol. 48, 106–118.
doi: 10.1111/j.2044-8295.1957.tb00606.x
Bialystok, E., and Craik, F. I. (2010). Cognitive and linguistic processing
in the bilingual mind. Curr. Dir. Psychol. Sci. 19, 19–23. doi: 10.1177/
0963721409358571
Borghi, A. M., and Cimatti, F. (2010). Embodied cognition and beyond:
acting and sensing the body. Neuropsychologia 48, 763–773. doi: 10.1016/j.
neuropsychologia.2009.10.029
Cacioppo, J. T., Priester, J. R., and Berntson, G. G. (1993). Rudimentary
determinants of attitudes. II: arm flexion and extension have differential
effects on attitudes. J. Pers. Soc. Psychol. 65, 5–17. doi: 10.1037/0022-
3514.65.1.5
Chiu, F. C. (2012). Fit between future thinking and future orientation on creative
imagination. Think. Skills Creat. 7, 234–244. doi: 10.1016/j.tsc.2012.05.002
Christensen, P. R., Guilford, J. P., Merrifield, P. R., and Wilson, R. C. (1960).
Alternate Uses (Form A). Beverly Hills, CA: Sheridan Psychological Services.
Colzato, L. S., Szapora, A., Pannekoek, J. N., and Hommel, B. (2013). The impact of
physical exercise on convergent and divergent thinking. Front. Hum. Neurosci.
7:824. doi: 10.3389/fnhum.2013.00824
de Souza, L. C., Volle, E., Bertoux, M., Czernecki, V., Funkiewiez, A., Allali, G.,
et al. (2010). Poor creativity in frontotemporal dementia: a window into
the neural bases of the creative mind. Neuropsychologia 48, 3733–3742.
doi: 10.1016/j.neuropsychologia.2010.09.010
Descartes, R. (2008). “Meditations on first philosophy,” in The Elements of
Philosophy, Readings from Past and Present, eds T. S. Gendler, S. Siegel, and
S. Cahn (New York, NY: Oxford University of Press), 351–357.
Dorfman, L., Martindale, C., Gassimova, V., and Vartanian, O. (2008). Creativity
and speed of information processing: a double dissociation involving
elementary versus inhibitory cognitive tasks. Pers. Individ. Diff. 44, 1382–1390.
doi: 10.1016/j.paid.2007.12.006
Finke, R. A. (1990). Creative Imagery: Discoveries and Inventions in Visualization.
Hillsdale, NJ: Lawrence Erlbaum Associates. Inc.
Finke, R. A., Ward, T. B., and Smith, S. M. (1992). Creative Cognition: Theory.
Research, and Applications. Cambridge MA: MIT Press.
Glazer, E. (2009). Rephrasing the madness and creativity debate: what is the nature
of the creativity construct? Pers. Individ. Differ. 46, 755–764. doi: 10.1016/j.paid.
2009.01.021
Glenberg, A., Havas, D., Becker, R., and Rinck, M. (2005). “Grounding language in
bodily states: the case for emotion,” in Grounding Cognition, eds D. Pecher and
R. Zwaan (Cambridge, MA: Cambridge University Press), 115–128.
Gruszka, A., and Necka, E. (2002). Priming and acceptance of close and remote
associations by creative and less creative people. Creat. Res. J. 14, 193–205.
doi: 10.1207/S15326934CRJ1402_6
Guilford, J. P., Christensen, P. R., Merrifield, P. R., and Wilson, R. C. (1978).
Alternate Uses: Manual of Instructions and Interpretations. Orange, CA:
Sheridan Psychological Services.
Hess, R. J., Brach, J. S., Piva, S. R., and VanSwearingen, J. M. (2010). Walking skill
can be assessed in older adults: validity of the Figure-of-8 Walk Test. Phys. Ther.
90, 89–99. doi: 10.2522/ptj.20080121
Hommel, B. (2012). “Convergent and divergent operations in cognitive search,” in
Cognitive Search: Evolution, Algorithms, and the Brain, eds P. M. Todd, T. T.
Hills, and T. W. Robbins (Cambridge, MA: MIT Press), 221–235.
Frontiers in Psychology | www.frontiersin.org 8 September 2017 | Volume 8 | Article 1546
fpsyg-08-01546 September 27, 2017 Time: 16:55 # 9
Zhou et al. The Impact of Bodily States on Divergent Thinking
Hommel, B. (2015). “Between persistence and flexibility: the Yin and Yang of action
control,” in Advances in Motivation Science, Vol. 2, ed. A. J. Elliot (New York,
NY: Elsevier), 33–67. doi: 10.1016/bs.adms.2015.04.003
Hommel, B., Colzato, L. S., Fischer, R., and Christoffels, I. K. (2011). Bilingualism
and creativity: benefits in convergent thinking come with losses in divergent
thinking. Biling. Cogn. Control 2, 111–115. doi: 10.3389/fpsyg.2011.00273
Hotchner, A. E. (2005). Papa Hemingway: A Personal Memoir. Cambridge, MA: Da
Capo Press.
Howard-Jones, P. A., and Murray, S. (2003). Ideational productivity, focus of
attention, and context. Creat. Res. J. 15, 153–166. doi: 10.1080/10400419.2003.
9651409
Hutton, E., and Sundar, S. S. (2010). Can video games enhance creativity? Effects
of emotion generated by dance dance revolution. Creat. Res. J. 22, 294–303.
doi: 10.1080/10400419.2010.503540
IJzerman, H., and Koole, S. L. (2011). From perceptual rags to metaphoric riches—
Bodily, social, and cultural constraints on sociocognitive metaphors: comment
on Landau, Meier, and Keefer (2010). Psychol. Bull. 137, 355–361. doi: 10.1037/
a0022373
Jarosz, A. F., Colflesh, G. J., and Wiley, J. (2012). Uncorking the muse: alcohol
intoxication facilitates creative problem solving. Conscious. Cogn. 21, 487–493.
doi: 10.1016/j.concog.2012.01.002
Kim, K. H., Cramond, B., and Bandalos, D. L. (2006). The latent structure and
measurement invariance of scores on the torrance tests of creative thinking–
figural. Educ. Psychol. Meas. 66, 459–477. doi: 10.1177/0013164405282456
Lacour, M., Bernard-Demanze, L., and Dumitrescu, M. (2008). Posture control,
aging, and attention resources: models and posture-analysis methods.
Neurophysiol. Clin. 38, 411–421. doi: 10.1016/j.neucli.2008.09.005
Landau, M. J., Meier, B. P., and Keefer, L. A. (2010). A metaphor-enriched social
cognition. Psychol. Bull. 136, 1045–1067. doi: 10.1037/a0020970
Leung, A. K. Y., Kim, S., Polman, E., Ong, L. S., Qiu, L., Goncalo, J. A., et al.
(2012). Embodied metaphors and creative “acts”. Psychol. Sci. 23, 502–509.
doi: 10.1177/0956797611429801
Li, K. Z. H., Lindenberger, U., Freund, A. M., and Baltes, P. B. (2001). Walking
while memorizing: age-related differences in compensatory behavior. Psychol.
Sci. 12, 230–237. doi: 10.1111/1467-9280.00341
Lipnicki, D. M., and Byrne, D. G. (2005). Thinking on your back: solving
anagrams faster when supine than when standing. Cogn. Brain Res. 24, 719–722.
doi: 10.1016/j.cogbrainres.2005.03.003
Lowry, K. A., Brach, J. S., Nebes, R. D., Studenski, S. A., and VanSwearingen,
J. M. (2012). Contributions of cognitive function to straight-and curved-path
walking in older adults. Arch. Phys. Med. Rehabil. 93, 802–807. doi: 10.1016/j.
apmr.2011.12.007
Martindale, C. (1995). “Creativity and connectionism,” in The Creative Cognition
Approach, eds S. M. Smith, T. B. Ward, and R. A. Finke (Cambridge, MA: MIT
Press), 255–259.
Martindale, C. (1999). 7 Biological Bases of Creativity. Cambridge: Cambridge
University Press, 137–152.
Mendelsohn, G. A., and Griswold, B. B. (1966). Assessed creative potential,
vocabulary level, and sex as predictors of the use of incidental cues in verbal
problem solving. J. Pers. Soc. Psychol. 4, 423–431. doi: 10.1037/h0023783
Nietzsche, F. (1897). Twilight of the Idols. Oxford: Oxford University Press, 61.
Olmstead, A. J., Viswanathan, N., Aicher, K. A., and Fowler, C. A. (2009). Sentence
comprehension affects the dynamics of bimanual coordination: implications
for embodied cognition. Q. J. Exp. Psychol. 62, 2409–2417. doi: 10.1080/
17470210902846765
Oppezzo, M., and Schwartz, D. L. (2014). Give your ideas some legs: the positive
effect of walking on creative thinking. J. Exp. Psychol. 40, 1142. doi: 10.1037/
a0036577
Platt, M. (1976). Nietzsche on flaubert and the powerlessness of his art. Centen.
Rev. 20, 309–313.
Radel, R., Davranche, K., Fournier, M., and Dietrich, A. (2015). The role of
(dis) inhibition in creativity: decreased inhibition improves idea generation.
Cognition 134, 110–120. doi: 10.1016/j.cognition.2014.09.001
Robinson, H. (1983). Aristotelian dualism. Oxf. Stud. Anc. Philos. 1, 123–144.
Scott, C. L., Harris, R. J., and Rothe, A. R. (2001). Embodied cognition through
improvisation improves memory for a dramatic monologue. Discourse Process.
31, 293–305. doi: 10.1207/S15326950dp31-3_4
Smith, S. M. (1995). “Fixation, incubation and insight in memory and creative
thinking,” in The Creative Cognition Approach, eds S. M. Smith, T. B. Ward,
and R. A. Finke (Cambridge MA: MIT Press), 135–156.
Strack, F., Martin, L. L., and Stepper, S. (1988). Inhibiting and facilitating
conditions of the human smile: a nonobtrusive test of the facial feedback
hypothesis. J. Pers. Soc. Psychol. 54, 768–777. doi: 10.1037/0022-3514.54.5.768
Suler, J. R. (1980). Primary process thinking and creativity. Psychol. Bull. 88,
144–165. doi: 10.1037/0033-2909.88.1.144
Torrance, E. P. (1987). “Teaching for creativity,” in Frontiers of Creativity Research.
Beyond the Basics, ed. S. G. Isaksen (Buffalo, NY: Bearly), 189–215.
Twain, M. (2002). Mark Twain Himself: A Pictorial Biography. Columbia, MO:
University of Missouri Press.
Vartanian, O., Martindale, C., and Kwiatkowski, J. (2007). Creative potential,
attention, and speed of information processing. Pers. Individ. Diff. 43,
1470–1480. doi: 10.1016/j.paid.2007.04.027
Vercruyssen, M., Cann, M. T., and Hancock, P. A. (1989). “Gender differences
in posture effects on cognition,” in Proceedings of the Human Factors and
Ergonomics Society Annual Meeting, Vol. 33 (Thousand Oaks, CA: SAGE
Publications), 896–900. doi: 10.1177/154193128903301407
Vercruyssen, M., and Simonton, K. (1988). “Effects of posture on mental
performance: we think faster on our feet than on our seat,” in Hard Facts About
Soft Machines—the Ergonomics of Seating, eds R. Lueder and K. Noro (London:
Taylor and Francis), 119–131.
Verstijnen, I. M., van Leeuwen, C., Goldschmidt, G., Hamel, R., and Hennessey,
J. M. (1998). Creative discovery in imagery and perception: combining
is relatively easy, restructuring takes a sketch. Acta Psychol. 99, 177–200.
doi: 10.1016/S0001-6918(98)00010-9
Wei, D. T., Yang, J., Li, W., Wang, K., Zhang, Q., and Qiu, J. (2014). Increased
resting functional connectivity of the medial prefrontal cortex in creativity by
means of cognitive stimulation. Cortex 51, 92–102. doi: 10.1016/j.cortex.2013.
09.004
White, H. A., and Shah, P. (2006). Uninhibited imaginations: creativity in adults
with attention-deficit/hyperactivity disorder. Pers. Individ. Diff. 40, 1121–1131.
doi: 10.1016/j.paid.2005.11.007
White, H. A., and Shah, P. (2011). Creative style and achievement in adults
with attention-deficit/hyperactivity disorder. Pers. Individ. Diff. 50, 673–677.
doi: 10.1016/j.paid.2010.12.015
Wilson, R. A., and Foglia, L. (2011). “Embodied Cognition,” in The Stanford
Encyclopedia of Philosophy, ed. N. Z. Edward (Stanford, CA: The Metaphysics
Research Lab).
Woods, A. M. (1981). Age Differences in the Effect of Bodily State and Postural
Changes on Information Processing Speed. Doctoral dissertation, The University
of Southern California, Los Angeles, CA.
Zabelina, D. L., and Robinson, M. D. (2010). Creativity as flexible cognitive
control. Psychol. Aesthet. Creat. Arts 4, 136–143. doi: 10.1037/a0
017379
Zajonc, R. B., Pietromonaco, P., and Bargh, J. A. (1982). “Independence and
interaction of affect and cognition,” in Affect and Cognition: The 17th Annual
Carnegie Symposium, eds M. S. Clark and S. T. Fiske (Hillsdale, NJ: Erlbaum),
211–227.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Zhou, Zhang, Hommel and Zhang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 9 September 2017 | Volume 8 | Article 1546
